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Report No. 8926-134
Material - Aluminum - 2024-T6

Effect of Artificial Aging on Rivet Strengths

Abstract

Conventional "ice-box" stored as quenched 2024 sluminum alloy rivets are
troublesome in production because of their instabillity at room temperatures.
The instability results from natural aging and resulting hardening which
interfers with rivet usefulness. Artificial aging at some elevated
temperature was considered as a means for stabilizing rivet properties
throughout their production and use. Preliminary tests indicated that
satisfactory material properties could be developed in 2024 rivets by

aging them at 398°F for 3-3/4 hours, however, question remained regarding
the reproducibility of artificial aging results with commercially produced
202k aluminum alloy rivet wire. A lengthy test program involving a wide
variety of rivet and rivet joint configurations was conducted to verify the
validity of the artificially aged rivet and its reproducibility in practice.
These tests indicated that the properties spread resulting from a combina-
tion of composition, aging, and use conditions resulted in inconsistency in
Joint behavior, and consequently the artifiecially aged 2024 aluminum rivet
was abandoned.

References: 1., Stier, H. H., Langford, G. J., Turner, H. C., "Test of
Artificially Aged 2024 Aluminum Alloy Rivets,” General
Dynemics/Convair Report MP 57-922, San Diego, California,
20 June 1958 (Reference attached).

2. Miller, R. A. Steurer, W. H., "Test of Artificially Aged
2024 Aluminum Alloy Rivets," General Dynamics/Convair
Report MP 57-922, App.I, San Diego, California, 28 January
1959 (Reference attached).
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PREPARED BY Sthr/hngford : SAN DIEGO ’ REPORT NO. 57922

cHgckgo sy  Turner/Sutherland MODEL Rea 8218

REVISED BY DATE 20 June 1958
FOREWORD

During the past 1 1/2 years the Structures Design Group has submitted seven test
requests®* to the Materials and Processes Laboratory to obtain data relative to
the substitution of over-aged 2024 aluminum alloy rivets for "ice box" rivets.
Except for the original preliminary survey (see Report No. 56-191), no formal
report was made for any of the subsequent test requests due to the continuous
pressure for obtaining additional data as quickly as possible to expand or com-
plete the picture being developed.

Rejection by CAA of Convair's original application for permission to use over-
aged rivets in restricted areas of the Convair 440 created the need for a rapid
increase in experience with this rivet if an early second application was to be
submitted before phase-out of the 440 program.

Since CAA decided to demand a wider scope of data than was specified when the
idea of over-aged rivets was originally presented to them, the Convair Structures
Design Group asked that many more combinations of rivet sizes, rivet head shapes
and sheet sizes be investigated as soon as possible. The new demands emphasized
countersunk rivets which proved to be the greatest stumbling block in this pro-
Ject., To determine the optimum conditions for sufficient joint strength without
excesslve shop head cracking, various aging cycles, rivet shank protrusions, de-
grees of upsetting of shop heads, squeezing tools, shank chamfer, etc., were
evaluated for 100°-head rivets. In the final phase of this project limited pro-
duction experience with the over-aged rivets was obtained when the details of
heat treatment of rivets and fabrication of test panels had been agreed to by both
the Structures Design Group and the Production Department.

Even the best of the data obteined for the test requests listed above were re.
pefftedly marginal; that is, most of the data were satisfactory except for a few
individual specimens in a group and occasionally an entire group of six identical
specimens which exhibited shear strength values considerably lower than the ARC-5
requirements for "ice box" rivets.

This report presents the final phase of this project: a recheck on many of the
test groups involving 100¢-head rivets which, in previcus tests, had displayed
an unacceptable degree of spread. The results of previous tests of aged rivets
are given in appendices to this report. ##

* T.N.'s 56-191, 56-699, 57-201, 57-122, 57-479, 57-614, 57-922.

#% Appendices are not included at present, but will be added when available.
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PREPARED BY Stier/Langford SAN DIEGO REPORT NO. 57.922
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REVISED BY DATE 20 June 1958
QBJECT:
1

The object of this test is to determine whether 202{-T6 rivets

can be substitu-
ted for 2024-T31 rivets 2 in riveted Jjoints. ’

CONCLUSIONS:
1. The gl&ing&g shear strengths of riveted joints incorporating l00°-head 2024-T6
rivets 1»7 are approximately equal to the ANC-5 allowable values * for similar

éointa empIO{inf 202,-T31 rivets? (within s 6%) excegt in the rivet-sheet com-
inations with low t/D ratios; the latter may have ultimate strengths 25% a-

bove the ANC-5 values.

2, The zigl% strength in shear of riveted joints incorporating 100°-head 202,-T6
rivetsls’ vary from 12% above to 21% below the ANC-5 allowable values* for
similar joints cmploying 2024-T31 rivets.

3. Artificially aged 2024-T6 rivetsl may have the upset heads driven to 1.33-
1.40 rivet diameters without producing rejectable cracked heads if the initial
shank protrusion is 1.05 - 1.15 rivet diameters. .

DATION:

The adoption of artificially aged 100°-head 2024-T6 rivetsl is pot recommended
because the data for this and all previous tests have exhibited too much "spread"
involving an excessive propnrtion of values much lower than those specified by
ANC-5.

TEST SPECIMENS:

The specimens used in these tests were of the single lap-joint type which, when
tested in tension, result in a shear load on the fastener., The joints had two
fasteners positioned along the longitudinal center line of the joint., Sketches
of the test specimens are shown at the bottom of Tables I and II. The variable
dimensions of the specimens are given in these tables which also contain the test
results,

1. 202, rivets artificially aped for 3 3/4 hrs. at 3980F., to 44 ~ 46 KSI shear
strength before driving.

2, 202, rivets maintained in s3-)ution treated condition until driving ("ice
box") rivets,

3, Initial shank protrisin et % ta 7,75 - 1,17 rivet diameters; upset head
diameter equal to 1,31 - 1,.0 river diameters,

#  "Strength of Metal Aircruft Flements", ANC-5 Bulletin, p. 122-123
(March 1955).

oM 1918 -A
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Specimens were table-sawed from riveted panels (each panel yielded six specimens
of dimensions given in Tables I and II). These panels were bolted together for
drilling and countersinking of the rivet holes and were unWolted to remove chips
between the faying surfaces. The panels were bolted together again for driving
the rivets. Portable air tools were employed in drilling and countersinking.

The depth of countersinking was controlled with stops on the counteraink and with
gauges in the form of 1009-head rivets which could be slipped into the eountouunk
holes to measure the depth of the recess,

Solution treatment of rivets is given below:

IRMPERATURE TIME AT TEMPERATURE FURNACE
910° - 918°F, 35 mimutes Recirculating Air

Solution treated rivets were quenched in water at 70F. upon removal from the
furnace.

Por artificial aging the rivets were heated to 398°F, for 3-3/4 hours in a re-

- oiroulating air fupmace about 10 to 15 mimutes after quenching from 910° - 918°F,
The effectiveness of heat treatment was checked by mesns of control rivets which
were tested in double-shear in a fixture desigmed for that purpose.

"Toe box" rivets were placed on dry ice in a Dewar flask within 3 mimutes after
@eenching from 915°-920°F. The rivets were dried with an absorbent gause in

the 3 mimute interval between quenching and freezing, The rivets were at - 52°F,
(as measured by a copper-constantan thermocouple peened into a rivet) within 6
mimutes after quenching. This is in accordance with Manufacturing Process
Specification 51.03F which requires a refrigerated temperature of less than

+ 10°F wvithin 10 minutes after quenching.

The rivets were squeeze driven to 1.33-1,40 diameters with a cone point set or
a universal set as noted in Tables I and II. Initial shank protrusion before
upsetting was 1,05-1,16 diameters. The cone-shaped recess in the cone point
set was ,50 inches (max.) in diameter and .125 inches deep. Both upset and
mamfactured heads were inspected for rejectable cracks.

IEST PROCEDURE:

The testing of the specimens was accomplished in s 120,000 pound capacity
Baldwin-Southwork Universal Test Machine. A nochanical arrvengementt of pivoted
lever arms attached to the specimen and a dial gauge were used to measure
specimen elongation over a 4 inch gauge lemgth, A typical tensile test set-
up for riveted lap-joints is shown in Figure 1.

The specimen was loaded to 50 pounds or 100 pounds in the tensile machine
before attaching the strain measuring device., Progressively higher test loads
were applied and then released to the 50 or 100 pound level where permanent
deformation was measured. The rate of load application was approximately
1000 pounds per minute.

POAM 18184
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RESULTS AND DISCUSSION:

A. Shear strength of rivet: i joints

The test daty for each individual riveted specimen of T.N. 57-922 are presented
in Tables I and II, A summary of average values for T.N. 57-922 is given in
Table V,

The test results include ths ultimate and yield test load in pounds per fastener
and the type of failure, The ultimate load was the maximum load per fastener
ocarried by the test joint. The yield load of the test joints was determined as
the load at vhich the following permanent set across the joint occurred:

(a) .005 inches for 5/32" and 3/16" diam. rivets.

(b) 00625 inches for 1/4" diam, rivets.

The average shear values for the riveted joints of T.N. 57=922 (100° =~head 2024~
T6 rivets) are compared with the ANC~5* allowable values for riveted joints
incorporating 100° =head 2024-T31 rivets. (See Table V), This comparison re-
veals two oonspicuously low yleld values; namely, the average yleld strengths
of:

(a) 3/16" diam, 2024~T6 rivets in, .063" thk. 7075-T6é sheet ond

(b) 1/4* diam. 2024~T6 rivets in .160" thk, 2024-T3 sheet
are 13 - 21% below the ANC-5 allowabls., A visual examination of the failed
specimens offered no explanation, .

Bending of the lap joint and rotation of the fastener produced interaction
loadings with a variety of types of fallures in specimens with t/D ratios

around 0.30. (See "Type of Failure" in Table I and II), I¥ maybe noted from
Table V that specimens for T.N. 57-922 with t/D ratios around .030 had ultim-
ates about 25% greater than the ANC-5 allowable. The shear strengths of joints
vhere there is no possibility of interaction loadings of the rivets (for example,
the double shear ' bteat specimens of Report No. SG-1211) will vary from that

of the above specimens.

B. Shear strength of undriven rivets

The results of shear testa perfomed on the undriven control rivets for T.N. 57-922
in the T-6 condition and in the T-31 condition are given in Table III and 1V,
. respectively, Naturally aged T-3l wire has approximately the same ultimate
shear strength as the artificislly aged T-6 wire (witht 3%), This surgests
that 202, rivets naturally aged at room temperature and then driven to 1,33-
1.40 diameters might be equivalent in strength and cracking characteristies
to the T-6 riveta of this test,

# "Strength of Metal Aircraft Elements", ANC-5 Bulletin, p. 122-123 (March 1955)

rORN 1918 -4



ANALYSIS CONVAIR L

PREPARED BY Stier/langford $AN DIFGO REPORT NO. . 579922
cHEckED 8Y Turner/Sutherland moozL. Rea 8218
REVISED BY DATE 20 June 1958

C. Rejectable cracks in driven rivets

Table V shows the frequency of rejectable cracks in T-6 rivets driven to 1.33-
1,40 diameters., Of the 354 rivets which weres examined, only one shop head

and four manufasctured hesds were rejectably cracked, The single rejectable
shop head had been driven to 1,53 diameters. The large number of rejectable
beveled heads in the 5/32 inch rivets can be attributed to the cone point

set, Since the oone point was desirmed for 1/4 inch rivets, the operator
had difficulty in centering the protruding shank of the 5/32 inch rivets in
the deep cone-shaped recess of the cone point set. :

NOTE:

The deta from which this report was prepared are recorded in Materials &
Processes Lab. Data Book No., 3011 and 879,

FORM 1918 -
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TABLE I

RRSULTS OF YBSTS ON RIVETED JOINTS INCORPORATING 100°-HEAD RIvErs(d)
IN COUNTSRSUNK HOLES IN 2024-T3 CLAD ALUMINUM SHEET

Specimen 8queese Rivet Hole Sheet Specimen dimensions YIBLD UL?. TYPB of

Jdentif. Set Diam., Dimm., Thk.,, 8 E w LOAD LOAD  PAILURES
in. 1in, 1in, inches Pounds/ Pounds/ (o)
(&) — faatensr festener

?3-060~1 Come‘*/5/82 0.159 .050 5/8 5/16 18/16 === 662  2-b
- " " " " 400 540 1-b

-3 " " ) " 357 496  2-a,2-h

- " " " " 375 603  2-b,2-h

- " " " " - 610 2-b,2-h

- " " " " -~ 533. 2-b,2-h
3-080-1 Untv.(?) 5/8 5/16 11/16  ==- 650 14
- " ] L " Yo 700 1-d
-3 v " " " - 787  2b
- = " n " 278 776 1-d
-5 " " " .o -- 808  2-4
- " " " " 355 787 1-d

Avg. 15 i1}

73-063-1 com(‘)s/sz 0.159 ,083 5/8 5/16 13/16 472 668  1-b
__3 " L] L] ”n - 690 "
3 ® " J " 458 650 "
-4 " " " " 406 628 "
- " " " " 450 635 "
-4 " " " " 505 637 »

Avg. TEE EE

e) Rivets squeesed with cone point set to 1,33-1.40 diameters.

b) Rivets squeesed with universal set to 1,.,33-1,40 diameters.

o) See page /3 for descrintion of failure.

d) 2686 rivets aged to T-6 condition before driving (3 3/4 hrs. at 398° P.)

My, Head | 100° est.

Upset Heod
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TABLE I (oont'd.) ()
'RBSULTS OF TESTS ON RIVETED JCINTS INCORPORATING 100°-HEAD RIVETS
IR COUNTERSUNK HOLES IN 2024-T3 CLAD ALUMINUM SHERT

Specimen Squeese Rivet Hole Sheet Specimen dimensions(®) YIELD wUL?.  TYPE of
Jdentift, 8ot D“no' m“o. Thk., ] B W LOAD ' MM FAILURE
in, 4n. in, inches Pounds/ Pounds/ = (o)
fastensr fastener

3-071-1 Come(®)s/s2 0.189 .01 5/8 56 13/ 6565 700 1l-a
i -2 ™ " " " - 720 "
-5 " " " " 626 680 "
.4 L] " L n R 700 L
-5 | J n " 1] —— 152 L]
-8 " " " " 543 810 "
3-081-1 Untv.(®) " m 11A8 620 876 "
- " " " " 526 908 "
-3 " " " " 482 877 "
-“ " " " " 470 853 "
- " n " " 490 847 "
'6 L J L] " nn 455 840 L
13-083-1 cou(‘)tﬂ.e 0.191 .065 3/4 3/8 13/8 633 1246 1-b
- " - " " bl 807 1320 "
S " " " " 625 1252 "
-“- " " " " 628 1270 "
e " " " 645 1288 "
- " " " " 582 1138 '
Avg. m m
75-080-1 " 3/16 0.191 ,080 3/4 3/8 13/8 -~ 1166  l-a
.’ L J L L] " -m- 1197 L}
3 * " " " 827 1196 "
-“ " " " " 910 1218 "
-6 " " " " 846 1197 "
- * " " " 818 1188 "
Avg, “BBO ey
?8-100<1 " 3/16 0.191 .00 3/4 3/8 13/8 945 1208  1-a
- " " " " 1088 1260 "
-5 * " w " 920 1202 "
- -“- " " o " 1012 1288 "
-5 " " " " 1002 1260 "
-6 " " " " 1000 1242 "
Avg, 988 ™y

Rivets squeesed with ocone point set to 1.33-1,40 diameters,

Rivets aqueesed with universal set to 1,33-1,40 diameters,

See page /3 for descoription of failure,

8006 rivets aged to T-6 condition before driving (3 3/4 hrs. at 398° F.)
8ee pagé 6 for speoimen dimensions.

oo Ue.
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TABLE I (onnt'd,)
RBSULTS OF TESTS ON RIVETED JOINTS INCORPOFATING 100°-HEAD RIvETs(%)
IN COUNTERSUNK HOLES IN 2024-T3 CLAD ALUMINUM SHEET
Speclgmmolquesse Rivet Hole Sheet  Speoimen dimansions(" YIELD ULT. TYFE of
Ideutif. 8Set Diam,, Diam,, Thk., 8 B w LOAD LOAD 'FAILURE
in, in, in. Pounds/ Pounds/ (o)
fastener fastener
73-125-2A cou(‘)s/m 0.191 .1256 3/4 38/8 11/8 1008 1260 1-8
-28 " " " " 1076 . 1255 "
-2 " " " " 1012 1263 "
-2 " " " " 1113 1275 "
-2z " " " " 1072 1257 "
-2Fr " " " " 1085 1285 "
-1 " " " " 960 1278 "
- " " " " 796 1240- "
3 " " " " 925 1197 "
Avg, TOOF 1258
13-07T1-1 " 1/4 0.257 071 1 12 17/8 920 2006  2-0,2-g
-2 " " " " 847 2033  2-a,2-8
-3 " " " " 878 2050  2-b,2-f
-y " " " " 908 2090  2-b,2-f
-5 " " " " 902 2072  2<b,2-e
-4 " " " " 987 2126  2-b,2-f
Avg, ~ 907 2082
73-090-1 " 1/4 0.257 L0900 1 1/2 17/8 953 2365 1-d
2 ® " " " 9965 2360 "
-5 " " " \J 1182 2193  1-b
-“- " " " " 1076 2300 1-d
-5 " " " " 1088 2202 "
-6 " " " " 1162 2250 "
Avg. m m
73-125-1 " 1/& 0,257 .25 1 1/2 17/8 1415 2197  1-&k
- L] " n n -—— 2215 L]
-5 " " " " 1410 2130 "
-“ " " " " 1417 2206 "
-5 " " " " 1490 2220 "
-4 " " " " 1463 22183 "
Avg. 1I%T 2198
T3-160-1 " 1/4 0.257 160 1 1/2  17/8 1450 2515  l-a
2 " " " " 1652 2307 "
- " " " - 1562 2306 "
-“ " " " " 1345 2297 "
-5 " " " " 1678 2828 "
- * " " " 1830 2343 "
Avg. TI80 f1344
gu; Rivets squeesed with cone point set to 1.33-1,40 diameters.
©) See page /3 for desoription of failure.
d) %986 rivets aged to T-6 condition before driving (S 3/4 hrs. at 398°F,)
(e) See page é for specimen dimensions.

ron 1918 wa
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TABLE II
RESULTS OF TBSTS ON RIVETED JOINTS INCORPORATING 100°-HEAD RIVETS(d)
‘ IN COUNTBRSUNK HOLES IN ¥)¥S~T8 CLAD ALUMINUM SHEET

. §peoimen Squeese Rivet Hole Sheet Specimen dimensions YIRLD ULT., TYPB of
Identif, Set Diam. Diam., Thk., 8 B w LOAD LOAD  FAILURB
in, 4n. 1n, inches Pounds/ Pounds/  (6)
fastener fastener

26-060-1 Cone(%)s/32 ©0.159 .050 65/8 58 11/8 . 488 690  1-b
-2 " " " » 517 778 n

- " " " " 508 687 )

-“ " " " " 436 788 \

-5 " " " " 492 760 "

- " ol " " " 495 897 "
T6-051=1 Univ. i/u 0,169 081 §5/8 65/1s 11/18 315 - 658 "
-2 " " " . 378 785 "

e W8 " " " " 365 787 .
_‘ L] " L} L 300 783 LLJ

-5 " n " " 517 806 \J

- " " " " 313 767 "

Avg, 1086 AT '

T8~083-1 con-(')tm 0.169 0685 6/8 5/18 11/8 430 740 1-b
- " : " " " s08 . 8)3 "

-3 " " " " 512 848 "

- " " " " 480 735 "

-5 " » " " 598 867 \J

- " () \J " " 520 783 "
T6-083-1 Univ: ’6/32 0,159 .0635 §5/8 5/16 11/18 377 868 "
-2 " " " " 3256 876 "

-5 " " " " 460 877 »

-+ " " " " 400 808 "

5 " " " " 450 847 "

- " " " " 388 790 "

Avg. 480 820

21 Rivets squeozed with oone point set to 1.33-1,40 diameters.
b} Rivets squeezed with universal set to 1,33-1.40 diameters,

§o See page /3 for desoription of failure.

d) 2086 rivets aged to T-8 ocondition before driving (3 3/4 hrs. at 398° F.)

PORIE 1984
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TABLE II (oont'd.) o ()
RESULTS OF TESTS ON RIVETED MOINTS INCORPORATING 100 =-HEAD RIVETS
IN COUNTERSUNK HOLBS IN 7075-T6 CLAD ALUMINUM SHEE?T

Speoimen Squeese Rivet Hole Sheet Spscimen dimonsions(.) YIELD ULT., TYPE of
Identif. 8et Diam,, Diam., Thk,, 8 E w oLOAD LOAD 'FAILURE
in, dn., in. inches Pounds/ Pounds/ (o)
fagstensr fastener

76-071-1 con.(‘)s/sz 0,169 071 5/8 5/16 11/8 560 850 l-a
2 " " " . 608 840 "
-5 " " " " 590 843 "
-“ " " " " 642 836 "
] . " " " 520 792 w
-6 " " " " 635 858 "
76-071-1 " 5/8 5/16 11/16 570 840 "
<€ " " " " 518 880 "
-8 . " " " 697 877 "
-“ " " " " 610 863 "
-6 " " " " 850 880 »
-4 " " " " 633 875 J
Avg. “BIT 850 '
| r6-0683-1 * 3/8 0.191 .,063 3/4 3/8 11/16 478 998  1leb
-2 " " " " 450 950 "
-5 " " " 430 775 "
-“- " " " " 482 1050 "
-6 " " " " 443 1150 "
- " " " " 490 1050 "
T6-083-1 " : 3/4 3/8 11/8 - 1075 "
- 2 " " " " 450 1087 "
s " " " " 492 1088 "
-“ " " " " 498 1172 "
-5 " " " " 450 1015 "
4 " " " " 652 1226 l-¢
Avg. _4:53' 1057
T6-080-1 " 316 0.191 .08 3/4 /8 13/8 846 1118 1l.a
: -2 " " " " 840 1125 "
-3 " " " " 900 1090 "
-“+ " " " 820 1090 "
- " " " 805 1112 "
-6 " " " " 900 1118 "
Avg. "85y Iy

q) See page /3 for description of failure.
d) 2086 rivets aged to T-6 condition befors driving (3 3/4 hrs. at 398° F.)
(o) See page 9 for specimen dimensionms.

§l§ Rivets squeesed with oone point set to 1.33-1,40 daimeters.

PORN 19184
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TAILZ II (cont'd.) (@
RESULTS OF T3ST OF RIVETTD JOINTS INCCRFOMATING 100°-iaaw iIvzr ()
IN COUNTZRSUNK HOLZS IU! 7075-T6 CLAL ALUINV. 3UBET
Specimen Squeeze Rivet Hole Shset  Specinen dinensiona(c) YIZLy ULT. TYPB of
Identif. Set  Diam. Diam. Thk., 3 o N LOAD LOAD  P'AILURS
in, in, ine inclos Pounds/ Pounds, (e)
fastener fnstener B
T6-100-1 Cone( ).,/16 0,191 ,100 3/4 3/8 13/8 958 1138 1len
-2 " " " 380 1162 "
-3 " " " " 1067 1210 "
-4 " " " " 983 1120 "
-5 " " " " 1000 1180 "
- " " " " 990 1160 "
Avg. ~ 098 AT
T6-125-2A " 3/16 0.191 .25 3/4 3/8 11/16 1110 1260  1l-a
-2 " " " " 1078 1283 "
_zc L " " " 1035 1275 "
-2D " " " " 1067 1250 "
28 " " " " 1060 1257 "
_2F ” ” L} " 1045 1248 ”"
-1 " " " 11/8 1020 1215 "
-2 ” " " n 798 1250 "
-5 " " " " 942 1155 "
Avg. 1017 1247
T6-072-1 " 1/4 0.257 .072 1 12 1778 908 1850  2-a
=2 " " " " 900 2220 2<b
-3 " " " " 885 2030 2-b
-“ " " " " ———- 2078  1-d
-5 " " " " 897 1707  1-b
-6 " " " " 895 2243  1-d
Avg. ~897 202T
T6-090-1 ." 1/4 0,267 ,090 1 12 17/8 940 2135  1-b
_2 " Li] " " 1133 1953 "
-3 " " " " 1025 1997 "
-4 " " " " 937 2035 "
-5 ” " " " —eon 2060 "
-6 " " " " 1080 1893 "
Avg. T02% 2012

gag Rivets squeezed with cone point set to 1.33-1.40 diameters.,
See page /3 for description of failire.

See page 4 for speciren dinensinns,

sd-; 2024 rivets aged to T=6 condirtion before driving (3 3/4 hrs. at 358° F, )

rONN 1918=4 ‘
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TABLE II (cont'd.) o (a)
RISULTS OF T3STS ON RIVSTID JOIVTS INCORPORATING 100 «HRAL RIVETS
IN COUNTERSUMK HOLES IY 7075-T6 CLAD ALU ' SHZIT

Specimen Squeeze Rivet IHole Sheet  Specimen Dir';ensions(°) YISLD ULT, TYPS of

Identif, Set Diam.j Diam,, Thk., S 5 w LOAD LOAD  FAILURB
in, in. in, inches Pounds/ Tounds/ (c)
fastener fustener
T6«125~1 Cona(a) 1/4 0.257 .l25 1 1/2 1 7/8 1445 —— l-a
_2 ”n " " ” - 2250 "
-3 " " ". " 1420 2155 "
~d " " " " 1475 2223 "
_5 " " " " 1470 2230 "
-6 " " nn " 1593 2202 "
Avg. TIC0 2217
T6-160-1 " 1/4 0.257 .160 1 1/2 1 7/6 1740 2288 l-a
-2 " " " " 1500 2265 "
-3 " " " " 1515 2232 "
-4 " " " " 1675 2240 "
-5 " " " " 1753 2255 "
-6 " " " " 1737 2303 "
Avg. T80 2264

(a.; Rivets squeezed with ocone point sst to 1,33-1,40 diameters.
() Ses vage /3 for description of failure.

(d) 2024 rivets aged to T-6 conditiun before driving (5 3,734 hrs. at 398° F,)
(o) See page ¢ for specimen dimensicns.
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TYPE OF VAILURR
The types of fajlures, referred to in Tables I and II, are as follows:
l. Shear failure of both fasteners thru cross-section of shank
a, ith no noticeable deformation of the hole.

be. With noticeable elongation of the hole where the rivet
flattened the knife edze created by countersinking.

ce With very slight slongation of hole and only slipght flattening
of the knife edge created by counterzinking,

d. TVith noticeable elonpgation »~f the hole whers the rivet
flattened the knife edje crentzd by coribersinting which
allowed some rotation of the fastener and snbsejucent
"3dimpling™ (slight) of the non-counterswiz sheet,

2. Initjial sheet bearing failure followed by:

&+ Rototicn of rivets and bending of the joint.causing 100°-head
to chip and shear along the axis of the rivet.

b. Rotation of rivets and beudin: ol the joint writh shesr thru
the shank of one rivet and shear thru the 1007-heoad of the
other rivet (along the axis of the rivet).

ce Rotation of rivets and bsnding »f° the joint causing severe
elongation of opr countersunk hole and shear out of the
countersunk sheet thru the edye nar;in of the other hole
(fastener pulls throuph sheat chipping out pieces of the
100°-head).

d. Rotation of rivets and bhending of the joint causing 100%<head
to curl up & chiv & pull thru sheet without tearing sheet.

e, Shear out of the countersunk sheet throurh edpe wmargin.
f. Tearing of ths sheet around countersunk holes.,
ge Tearing of sheet around non-constersak holes.

“he Foldin, under and tearing out of the knife edze created by
countersinking.

roam 1o1a~a
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TABLE 11X (a)
MBCHANICAL PROPERTIZS OF UNDRIVIN 2024-T6‘*/RIVETS
Identif, RIVET DIAM, CeSoAl(d) ‘(m IMATE Aversge  Guaranteed
Nominal !easured in, Load{b Strength(") Strength uinimum
in, in, powunds psi. pad. . psi.
Bl=Dec.18 5/32 166  ,01910 1780 46,600
TBeDec.18 » " " 1720 46,050
" " " " 1720 45,050
" " " " 1750 45,800
" " " " 1760 46,100
" " " " 1730 45,250
BB=Dec.18 " " " 1735 45,400
" " n " 1730 45,250 45,550 44,000
B2-Dec.16 3/16 .86  ,02716 2475 45,650
TB=Dec.17 " " " 2422 44,600
" " " " 2440 445960
" " " ® 2426 44,650
. " " " 2457 45,300
BB=-Dec.17 e "™ " 2488 45,850
» " " " 2500 46,100
" " " " 2465 45,400
" " " " 2487 45,850
. " " " 2490 45,900
TB=Dec.18 " " " 2580 47,550
. " " " 2610 48,150
" " " " 2580 47,550
BB-Deoc.18 " " " 2560 47,000
" " " " 2600 47,800 46,100 44,000
Bl=Dec.16 1/4 «250  .04908 4460 45,500
B2-Dec.16 " " " 4380 44,700
B3-Dec.16 " " " 4500 45,900
TBeDec,.17 " " " 4410 45,000
" " " " 4445 45,300
. " " nn 4460 45,500
BB=Dec.17 " " " 4520 46,150
-oo" " " " 4545 46,300
" " " " 4515 46,020
TB-Dec.18 " " n 4450 45,350
» " " " 4610 45,950
" " " " 4680 47,700
BB-Dec.18 " " " 4730 48,200
" " " " 4745 43,400
" n " " 4690 47,800 46,300 44,000
éo. Quenched and aged at 398° F. for 3 3/4 hours.
b) Ultinate load for double-shear on one rivet.
() Ultimate strength in single-shear.
(4) Oross-sectional area of rivet.
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TABLE W (a)
MECHANICAL PROFTNTITS OF UNDRIVEN ud-T81'*/kIvers
Identif. RIVET DIA.  C.S.Afd) JUATT . iversge Guarantecd
Nominal Mesasured Load(b) 3trength(®) Strenctn 'niuum
in, in. in.2 pounds  psi. »si, "pai,
El-Jan,29 3/16  ,1873 02755 2475 44,915
) " " " 2500 45,365
r " " " 2500 45,365
. " " " 2400 43,550
" " " " 2450 44,460
" J J " 2400 43,550
B2-Feb,27 " " " 2400 44,640
" " " " 2440 44,20
" " " " 24€0 44,340 \
" " " " 2520 45,730 ;
" " J " 2500 45,365 ’
B38Feb.3 " " " 2520 485,730
" " " " 2500 45,345
. E5-Feb,3 " " " 2520 45,720
" " n " 2480 45,005
" " " " 2430 45,005
E7-Jan.28 " " " 2460 44,340
" " " " 2400 43,550
" " " " 2400 43,550 44,750 43,000 i
El-Jan,25 1/4 02502 ,04015 4475 47,510 '
" " " " 4475 45,510
. " " " 4520 45,965
E3-Feb.$ " " " 4520 45,965
FA-Feb,19 " " " 4540 48,170
" " " " 4560 46,370
" " " " 4530 43,505
ES-Feb.3 " " " 4560 46,370
" " i " 4540 46,170
" " " " 4520 45,965 46,060 43,000

(2) ‘Quenched & frozen to =100° ¥,; then naturally ared 2t rooa teupsr~itirs lor twe
weeks. '

(b) Ultimate load for double-shear on ne rivots

(o) Ultimate strength in single-sheor.

(a8) Cross-sectional area of rivet.
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REMARKS

The "Remarks" feferred to in Table V are as follows:
1, o oraocks.
2, YNonerefectable radial orecks in shop heads.
a¢ Very slight haireline oracks.
be Greater than 2-a.
3, Nouerejectadble olitpp“ shop head.
4. Rejectable oracked manufactured heads.

8. Rejectable radial oracks in shop head dus to upsetting to greater
than 1,40 diameters where

Dy D .40
1568 | .2188
J1878 | L2626
.260 | 380

roRm 191a -y
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PREPARED BY 8N DIEGO REPORT NO. 57.922, App. 1
CHECKED BY MODEL ,
TEST OF ARTIFICIALLY AGED 2024 ALUMINUM ALLOY RIVETS
Bbisats

The object of this appendix is to present and discuss the tests conducted on
aged 2024 rivets between the ones presented in Reports No. 56-101 and 57-922,

In each instance, the test specimen consisted of a lap joint of two strips
of aluminum alloy sheet, nearly always of clad7075-T6 sheet, with two ocentered
tanden rivets spaced at four rivet diameters, and with two diameters edge distance.
Soms of the rivets were gun driven and some were squeesed. Some had universal
heads and some had 100° flush heads. The effects of initial shank protrusion,
driven head diamsters and of variations in the overaging cycle were also checked
by these lap joint tests. The results of all these tests are presented in Tables
1 to 14 inclusive, of this appendix.

A great many simple shear tests were also conducted, primarily to check the
eoffect of variations in the temperature and time of the aging cycle on the shear
strength. But these data have not been assembled for presentation in this appendix,

The contributions of these various effects in causing rejectable cracks in the
rivets my be noted by meana of the following percentages:

1. Considering a summation of all the rivets tested, 8.375% had one or more
rejectable oracks.

2, Considering the method of driving, we find that 9.16% of the squeese
driven rivets and 5.72% of the gun driven rivets had rejectable cracks.

3. Considering the effect of head sise we find that driving them to 1 1/3
shank diametes caused 1.93% and that driving them to 1 1/2 shank diamters csused
15.2% to have rejectable cracks.

4. Considering the effect of the amount of initial shank protrusion we
find that a protrusion of 1 - 1 1/3 shank diameters resulted in 5.19% of rejectable
cracked rivets, while one of 1 1/3 to 1 1/2 diameters resulted in 15.83%.

5. Considering the effect of the rivet shank diameter, we find the following
numbers of rejectable cracked rivets in terms of percent:

1/8" rivets -—- 5.45%
5/ 32' rivets - 6.8"
3/16" rivets -~ 9.25%
1/4* rivets — 5.74%

ronm 19184
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In Table 14 are presented the test results for each aging cycle investigated.
These data include not only s summary of the percentages of rejectable cracked
rivets, but in each case, includes also the percentage of spscimens vhen average
tost strengths did not equal the design strengths listed in ANC=5. The best one,
if you eliminate the cycles for which less than 10 tests were made, would de to
age at 395°F, for 4 hours. But vhen the necessity of permitting some tolerance
in heat treating, as & 5°F, in temperature and ¢ 10' in time, is considered, it is
obvious that the rejection rate vill be so high that the overaged 2024 rivet, as a
substitute for the Ice Boxed 202/, rivets, cannot be tolerated in our Shops.
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